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CURRENT SENSE CIRCUIT 

FIELD OF THE INVENTION 

The present invention relates to current sensing, and, in 
particular, to a current sense circuit that provides an output 
signal that is proportional to a sensed load current. 

BACKGROUND 

Current sense circuits ful?ll a number of functions in 
electronic devices. By sensing an output current and pro 
viding a signal proportional to the sensed output current, a 
current sense circuit may be an integral part of a fault 
protection circuit, a current control circuit, a poWer supply 
device, and the like. 

It is desirable in modern poWer supply devices such as 
voltage regulators, battery chargers, and the like, to have 
accurate current sensing for current regulation, over-current 
protection, and the like. For accurate current sensing varia 
tions due to component characteristics, manufacturing meth 
ods, and the like, may have to be restricted. It is further 
desirable to maintain simplicity of the circuit for cost and 
ef?ciency considerations. 

Thus, it is With respect to these considerations and others 
that the present invention has been made. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Non-limiting and non-exhaustive embodiments of the 
present invention are described With reference to the fol 
loWing drawings. In the drawings, like reference numerals 
refer to like parts throughout the various ?gures unless 
otherWise speci?ed. 

For a better understanding of the present invention, ref 
erence Will be made to the folloWing Detailed Description of 
the Invention, Which is to be read in association With the 
accompanying draWings, Wherein: 

FIG. 1 illustrates a block diagram of an embodiment of a 
current sense device according to the present invention; and 

FIG. 2 schematically illustrates an embodiment of the 
current sense circuit of FIG. 1. 

DETAILED DESCRIPTION 

The present invention noW Will be described more fully 
hereinafter With reference to the accompanying draWings, 
Which form a part hereof, and Which shoW, by Way of 
illustration, speci?c exemplary embodiments by Which the 
invention may be practiced. This invention may, hoWever, be 
embodied in many different forms and should not be con 
strued as limited to the embodiments set forth herein; rather, 
these embodiments are provided so that this disclosure Will 
be thorough and complete, and Will fully convey the scope 
of the invention to those skilled in the art. Among other 
things, the present invention may be embodied as methods 
or devices. Accordingly, the present invention may take the 
form of an entirely hardWare embodiment or an embodiment 
combining softWare and hardWare aspects. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense. 

Brie?y stated, the present invention is related to a current 
sense circuit that tracks a load current and provides an output 
signal that is proportional to the load current, While provid 
ing a sense current that is loW relative to the load current. For 
increased ef?ciency purposes, it is desirable in current sense 
circuits to select as high a ratio betWeen the load current and 
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2 
the sense current as possible. The ratio betWeen the load 
current and the sense current in a basic sense circuit com 

prising a current mirror depends, in part, on ratio of a gate 
area of a poWer pass transistor and a sense transistor. This 
ratio is commonly termed as Width/length (W/L) ratio. 
HoWever, When a high W/L ratio is selected, an accuracy of 
the sense current decreases due to manufacturing tolerances, 
and the like. The present invention provides a circuit and 
method that enables the selection of a load current to sense 
current ratio for poWer pass and sense transistors of a current 
sense circuit, While preserving desired amount of accuracy. 
By employing a tracking circuit to track the load voltage 

and provide a tracking voltage that is substantially the same 
as the load voltage to the sense transistor, the present 
invention enables a relatively accurate sensing of the load 
current. Furthermore, the present invention alloWs adjust 
ment of accuracy during initial calibration of the circuit and 
design of desired granularity by a selection of a number and 
W/ L ratio of trim circuit transistors. Accordingly, the inven 
tion alloWs virtual adjustment of the W/ L ratio of the poWer 
pass and sense transistors of a current sense circuit. 
The current sense circuit described herein may be 

employed in virtually any regulation circuit knoWn to those 
skilled in the art. Such circuits may include voltage regula 
tors, current regulators, and the like. 

FIG. 1 illustrates block diagram 100 of an embodiment of 
a current sense device according to one embodiment of the 
present invention With external devices employing the cir 
cuit. External devices include poWer source 102 and load 
106. Block diagram 100 of current sense device 101 includes 
several blocks including poWer pass and sense circuit 104, 
cascode circuit 108, trimming circuit 110, and tracking 
circuit 112. 
PoWer pass and sense circuit 104 may perform a function 

of receiving an input voltage from an external poWer source 
such as poWer source 102 and providing a regulated voltage 
and/or current to load 106. PoWer pass and sense circuit 104 
may also provide a sensed current Iosense to node N185. In 
one embodiment poWer source 102, load 106, or both may 
be implemented on a chip With current sense device 101. 

Cascode 108 may receive a portion Iosense from poWer 
pass and sense circuit 104. Cascode 108 is also arranged to 
provide a current sense signal that is substantially propor 
tional to a load current. The current sense signal may 
comprise current sense current Isns or current sense voltage 
Vsns. A value of the current sense signal may be determined 
based, in part, on a con?guration of poWer pass and sense 
circuit 104, trimming circuit 210, and tracking circuit 212. 

Tracking circuit 112 may sense a load voltage Vload and 
provide tracking voltage Vtmck to trimming circuit 110 and 
cascode circuit 108 and poWer pass and sense circuit 104 
such that Vtmck is substantially equal to Vload. Accordingly, 
transistors in poWer pass and sense circuit 104 may have 
substantially equal biasing voltages as described in more 
detail in conjunction With FIG. 2. 
Trimming circuit 110 may receive an trim input signal 

(Trim) and determine an amount of the trimming current that 
is to be diverted from cascode circuit 108 such that the 
current sense signal tracks the load current substantially. In 
one embodiment, trimming circuit 110 may include a pre 
determined number of trim transistors that are in a current 
mirror relationship With a transistor of cascode circuit 108. 

Tracking circuit 112 may provide an accurate tracking of 
the load voltage, While trimming circuit 110 may provide a 
virtual adjustment of a load current to sensed current ratio, 
alloWing cascode circuit 108 to provide the current sense 
signal that is accurately proportional to the load current 
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according to a predetermined ratio. This characteristic of the 
circuit reduces an inaccuracy of the sensed current While 
enabling employment of a high load current to sensed 
current ratio. As described below, trimming circuit 110 may 
be embodied by a series of transistors, a number of Which 
may be turned on or off during a calibration process based 
on an actual ratio of load current to sensed current. 

FIG. 2 schematically illustrates an embodiment of current 
sense device 201 along With an external load. Current sense 
device 201 may be an exemplary embodiment of current 
sense device 101 of FIG. 1. Current sense device 201 
includes poWer pass and sense circuit 204, cascode circuit 
208, trimming circuit 210, and tracking circuit 212. External 
load 106 is also shoWn. FIG. 2 shoWs a particular arrange 
ment of inputs and outputs of the various components. In 
one embodiment, all of the components of current sense 
device 201 may be included in the same chip. Alternatively, 
one or more of the components of current sense device 201 
may be off-chip. Other embodiments of current sense device 
201 may include additional or feWer components. 
PoWer pass and sense circuit 204 includes sense transistor 

M221 and poWer transistor M222 With a predetermined gate 
area ratio of lzP. PoWer transistor M222 provides a load 
current to external load 106. Sense transistor M221 and 
poWer transistor M222 are arranged as a current mirror, 
Where the sense transistor senses l/Pth portion of a current 
?oWing through poWer transistor M222. For relatively large 
gate area ratios, sensed current inaccuracies up to about 15% 
are not atypical. Inaccuracies may occur, among other 
things, due to manufacturing tolerances resulting in chip 
to-chip variations. At the same time, larger gate area ratios 
are desirable, because they increase e?iciency of the circuit 
by consuming a smaller portion of a supply current for 
sensing. In one embodiment, the gate area ratio betWeen 
poWer transistor M222 and sense transistor M231 may range 
betWeen about 100 and about 1000. 

Cascode circuit 208 comprises, in one embodiment, tran 
sistor M231. A source of transistor M231 is arranged to 
receive a portion of the sensed current from sense transistor 
M221 at node N285. Node N285 is also coupled to trimming 
circuit 210, Which is arranged to draW another portion of the 
sensed current Iosense based on a trimming current. Tracking 
voltage Vtmck, Which, in operation, is provided by tracking 
circuit 212 at node N285, is substantially equal to load 
voltage Vload. Accordingly, a substantially equal biasing is 
provided to poWer pass transistor M222 and sense transistor 
M221 of the poWer pass and sense circuit. A drain of 
transistor M231 is arranged to provide the current sense 
signal to be utiliZed by other circuitry such as a current 
regulation circuit and the like. As previously described, the 
current sense signal may be current sense current Isns or 
current sense voltage Vsns. Tracking circuit 212 is arranged 
to provide a gate voltage of transistor M231. 

Tracking circuit 212 is arranged to receive a portion of 
load current Iload and to track load voltage Vload. By pro 
viding tracking voltage Vtmck, Which is substantially equal 
to load voltage Vload, to sense transistor M221, tracking 
circuit 212 enables substantially equal biasing for the current 
mirror of poWer pass and sense circuit 204, alloWing rela 
tively accurate current sensing. HoWever, gate area irregu 
larities, and the like may result in the load current to sensed 
current ratio still being different from 111’. Trimming circuit 
210 is employed to compensate for that inaccuracy as 
described in detail beloW. 

Tracking circuit 212 may include transistors M261, 
M262, M271, and M272. Transistor M262 is arranged to 
operate as a diode and provide gate voltage Vg to gates of 
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4 
trim transistors in trimming circuit 210 as Well as transistor 
M231 of cascode circuit 208 at node N286. Since transistor 
M262 operates as a diode, gate voltage Vg is less than load 
voltage Vload by about the gate-source voltage of M262. 
Transistor M261 is arranged to operate as a current mirror 
With transistor M231 and trim transistors of trimming circuit 
210. A source of transistor M261 provides Vtmck to those 
transistors at node N285 as described above. Finally, tran 
sistors M271 and M272 are arranged to operate as a current 
mirror coupled to a drain of M261 and M262 such that a 
current ?oWing through transistor M262 is be substantially 
equal to a current ?oWing through transistor M261, enabling 
Vtmck to be substantially the same as Vload. Tracking circuit 
212 further includes current source 1281 to provide an initial 
current for operation of transistors until sensed current is 
available to M261 and to the trim transistors. 
Trimming circuit 210 is arranged to modify a portion of 

the sensed current Iosense ?oWing from sense transistor M221 
to transistor M231 of cacode circuit 208 such that Isns or 
Vsns, may be calibrated for manufacturing variations and the 
like that result in the load current to sensed current ratio not 
being about equal to 11F. Trimming circuit 210 includes a 
predetermined number of trim transistors M241 through 
M24N. Trim transistors M241 through M24N are arranged 
to be in a current mirror relationship With transistor M231. 
Sources and body terminals of trim transistors M241 
through M24N are arranged to receive tracking voltage 
Vtmck at node N285. Drains of the trim transistors are 
coupled sWitch transistors M251 through M25N, Which are 
arranged to receive an trim input signal and to turn on 
selected trim transistors during a calibration. 
The calibration may be performed during initial poWer up 

of the current sense device manually, by employing a 
calibration softWare, and the like. A predetermined signal 
may be provided to the device Wherein the device is termi 
nated With a knoWn load. Isns may be measured and its value 
compared to a desired value. If the measured current sense 
current is different from the ISM selected trim transistors may 
be turned on employing Trim input. A digital signal provided 
to Trim input may turn on selected sWitch transistors M251 
through M25N. Conducting sWitch transistors, in return, 
turn on selected trim transistors alloWing additional current 
to How through those. This Will enable a larger portion of the 
sensed current from sense transistor M221 to be draWn by 
trimming circuit 210 reducing the measured Isns until the 
desired value is obtained. The amount of the trimming 
current may be determined by the number of turned-on trim 
transistors and by the amount of current draWn by each 
turned-on trim transistor. 

In one embodiment, a ratio of gate areas of trim transistors 
M241 through M24N may be selected according to a binary 
scheme, a linear scheme, a logarithmic scheme, and the like. 
The selection of the ratio of the gate areas and the number 
of available trim transistors may be determined based, in 
part, on a desired accuracy for Isns Upon completion of the 
calibration, the selected trim transistors may remain turned 
on for normal operation of current sense device 201 employ 
ing breaking a selected fuse, burning a p-n gate, removing an 
etched resistor, and the like. If a binary ratio scheme is 
employed, the trim input signal for turning selected trim 
transistors on, may be a digital signal. With the above 
described arrangement trimming circuit 210 may enable a 
virtual adjustment of gate area ratio betWeen poWer transis 
tor M222 and sense transistor for implementing the inven 
tion can be one of BJTs, PMOS FETs, and NMOS FETs. 
The above speci?cation, examples and data provide a 

description of the manufacture and use of the composition of 
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the invention. Since many embodiments of the invention can 
be made Without departing from the spirit and scope of the 
invention, the invention also resides in the claims hereinafter 
appended. 
We claim: 
1. A device for current sensing, comprising: 
a poWer pass and sense circuit that is arranged to provide 

a regulated load current and a load voltage to a load in 
response to an input voltage and an external control 
signal, and to provide a sensed current; 

a tracking circuit that is arranged to track the load voltage 
and to provide a tracking voltage in response to the load 
voltage; 

a trimming circuit that is arranged to provide a trimming 
current in response to the tracking voltage and a trim 
input signal such that a portion of the sensed current is 
diverted to the trimming circuit; and 

a cascode circuit that is arranged to provide a current 
sense signal in response to the sensed current, the 
tracking voltage, and the trimming current such that the 
current sense signal is substantially proportional to the 
load current. 

2. The device of claim 1, Wherein the poWer pass and 
sense circuit includes a poWer pass transistor and a poWer 
sense transistor, Wherein the poWer pass transistor and the 
poWer sense transistor are arranged to operate as a current 
mirror. 

3. The device of claim 2, Wherein the poWer pass tran 
sistor and the poWer sense transistor have a gate area ratio 
ranging from about 100 to about 1000. 

4. The device of claim 2, Wherein the poWer sense 
transistor is arranged to provide the sensed current to the 
cascode circuit. 

5. The device of claim 1, Wherein the trimming circuit 
comprises a predetermined number of transistors that are 
turned on by the trim input signal such that the predeter 
mined number of transistors determine a portion of the 
sensed current to be diverted from the cascode circuit. 

6. The device of claim 5, Wherein the predetermined 
number of transistors are arranged in a current mirror 
relationship With a transistor in the cascode circuit. 

7. The device of claim 1, Wherein the tracking circuit is 
further arranged to: 

receive a portion of the load current and sense a load 
voltage; and 

provide a gate voltage to the trimming circuit and the 
cascode circuit. 

8. The device of claim 1, Wherein the tracking circuit is 
further arranged to maintain the tracking voltage substan 
tially equal to the load voltage such that a poWer pass 
transistor and a poWer sense transistor of the poWer pass and 
sense circuit are provide With a substantially equal biasing. 

9. A circuit for current sensing, comprising: 
a poWer pass and sense circuit that is arranged to provide 

a regulated load current and a load voltage to a load in 
response to an input voltage and an external control 
signal, and further arranged to provide a sensed current; 

a plurality of trim transistors that are arranged to operate 
as a current mirror With another transistor such that the 
plurality of trim transistors determine a trimming cur 
rent to be diverted from the sensed current; and 
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6 
a plurality of sWitch transistors that are arranged to turn on 

the plurality of trim transistors in response to a trim 
input signal. 

10. The circuit of claim 9, Wherein the trimming circuit is 
further arranged such that a value of the trimming current is 
determined by: 

a number of the plurality of trim transistors that are turned 
on; and 

a gate area of each of the plurality of trim transistors that 
is turned on. 

11. The circuit of claim 10, Wherein the gate area of each 
of the plurality of trim transistors is preselected according to 
at least one of a linear Weighting scheme, a binary Weighting 
scheme, and a logarithmic Weighting scheme. 

12. The circuit of claim 9, Wherein the trimming circuit is 
further arranged such that the selected trim transistors are 
turned on in a calibration process during an initial poWer-on. 

13. The circuit of claim 12, Wherein the trimming circuit 
is further arranged such that a value of the trimming current 
that is determined during the calibration process is main 
tained substantially same throughout an operation of the 
circuit by employing at least one of breaking a selected fuse, 
burning a p-n gate, and removing an etched resistor. 

14. The circuit of claim 9, Wherein a number of the 
plurality of trim transistors and a number of the plurality of 
sWitch transistors are substantially equal. 

15. The circuit of claim 9, Wherein the plurality of trim 
transistors determine the trimming current such that a cur 
rent through the another transistor is substantially propor 
tional to the load current. 

16. A device for current sensing, comprising: 
a poWer pass and sense circuit that is arranged to provide 

a regulated load voltage to a load in response to an 
input voltage and a control signal, and further arranged 
to provide a sensed current to a node; and 

a tracking circuit, comprising: 
a ?rst transistor that is arranged to be in a current mirror 

con?guration With another transistor; 
a second transistor that is arranged to operate as a diode 

and sense the regulated load voltage and 
a current mirror circuit is arranged to draW current from 

the ?rst and the second transistors such that a track 
ing voltage at the node is substantially equal to the 
regulated load voltage. 

17. The device of claim 16, Wherein the tracking circuit is 
arranged, by using substantially equal biasing to a poWer 
pass transistor and a current sense transistor of the poWer 
pass and sense circuit, such that the sensed current is 
substantially proportional to a load current to the load. 

18. The device of claim 16, Wherein the tracking circuit 
further comprises a current source that is arranged to provide 
an initial current through the ?rst transistor and the current 
mirror circuit. 

19. The device of claim 16, Wherein the ?rst and secong 
transistors include at least one of a BJT, a PMOS PET, and 
an NMOS FET. 
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